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Abstract 
The littoral plankton of Lake Peipsi (3555 km 2, mean depth 7.1 m) was studied in summer 
1980 and 2000-2002, and the epiphyton was studied on two dominating macrophytes, Phrag- 
mites austraIis (CAV.) TRIN. ex STEUD. and Potamogeton perfoliatus L., in 2000. The purpose 
of the study was to estimate to what extent the littoral phytoplankton a d epiphytic algae (their 
biomass, chlorophyll a content and dominant species) can be used as a criterion for the trophic 
state of the lake. In wind-open areas, phytoplankton biomass in the littoral is commonly more 
than ten times higher than in open water due to the presence of the macroscopic cyanobacteri- 
um Gloeotrichia echinulata (J.S. SMm4) P. RICHTER. This alga is abundant in the moderately 
eutrophic northern lake's part and rare in the strongly eutrophic southern part; hence also 
biomass in the southern part is considerably lower. In open water, phytoplankton biomass in- 
creases outhward with increasing trophy. Algal biomass in the littoral depends on wind direc- 
tion and can change completely in a few days. Epiphyton biomass and Chla content increased 
southward with increasing trophic state. They both revealed significant Spearman correlations 
(P < 0.05) with wind index and transparency (negative), and with abundance ofthe host plant, 
both reed and pondweed (positive). The phytoplankton biomass of the littoral of the large and 
shallow Lake Peipsi can not be used as a criterion of trophic state, however, the species com- 
position of the dominants, particularly cyanobacteria, is well applicable for this purpose. The 
biomass and Chla content of the epiphyton can be used as a criterion for trophic state. 
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Introduction 
The first record of the algae of Lake Peipsi originates 
from the expedition report of 1895 which presented, 
besides the survey data, also notes on two algal species 
causing water-bloom (KULLUS 1964). Several works 
are dedicated tothe lake in the first half of the 20 'h cen- 
tury; the researchers of the V6rtsj/irv Limnological 
Station (Estonia) have been working on the lake since 
1962 and researchers from Pskov (Russia) since 1970. 
Thus information about he algae of Lake Peipsi cov-  
ers about one century; however, most of it concerns 
open water. The algae of the other ecotopes - the lit- 
toral and benthos - are less thoroughly and not quanti- 
tatively studied. Only a few papers have been pub- 
lished on the characteristics of the algae of these eco- 
topes (LAUGASTE 1976), particularly on diatoms (LAU- 
GASTE • PORK 1996; DAVYDOVA 1981, 1999). In all 
ecotopes, a total of more than 1,000 algal species were 
found in Lake Peipsi, half of them diatoms. Incomplete 
species lists have been published in papers by DavY- 
DOVA (1981), SUDNITSYNA & YASTREMSKIJ (1976) and 
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LAUGASTE • PORK (1996). Many taxa have remained 
unidentified for different reasons; therefore, the real 
species number may be markedly larger. The littoral 
plankton is the richest algal community in the lake in- 
cluding more than 570 algal species, while about 470 
species are identified in the pelagial plankton and in 
the epiphyton up to date (Table 1). The importance of 
the littoral area (the area covered with macrophytes) is 
quite negligible in the primary production of such a 
large lake: 0.6% of the area of the Estonian part of the 
lake is occupied by reeds (MNEMETS & FREIBERG 
2004), the other macrophytes cover a slightly larger 
area (HELLE M)kEMETS, person, commun.). However, 
its role must be significant as the prime consumer of 
nutrients originating from the shore. The share of the 
littoral algae of L. Peipsi in primary production as well 
as their place in the food web are yet unknown. The 
first step towards this goal is estimation of the amount 
of the epiphyton and littoral plankton in this work. The 
purpose of the present study was to estimate to what 
extent he littoral phytoplankton and epiphytic algae 
can be used as a criterion for the trophic state of such 
large lake. 
Site description 
Lake Peipsi sensu lato (3558 km 2, catchment basin 47 
800 km 2, residence time about 2 years) is one of the most 
important lakes of Europe with the fourth largest surface 
area after Ladoga, A~inisj~irv (Onega), and Vfinern. 
Being located on the border of Estonia and Russia, it is a 
transboundary waterbody and Europe's largest interna- 
tional lake. It consists of three parts: the largest and 
deepest northern part, moderately eutrophic Lake Peipsi 
sensu str icto,  the middle strait-like part Lake L~immi- 
Table 1. Species number in different ecotopes, data of Estonian and Pskovian researchers (SuDNITSYNA & YASTREMSKIJ 1976, and own unpubl. 
data). 
Algal group Pelagial Littoral plankton Periphyton Benthos Total 
Cyanophyceae 99 64 33 27 171 
Chrysophyceae 24 2 2 0 25 
Bacillariophyceae 149 310 351 295 533 
Euglenophyceae 23 7 0 3 29 
Euchlorophyceae 116 72 50 23 224 
Conjugatophyceae 39 62 25 2 88 
Tribophyceae 10 4 1 2 16 
Dinophyceae 6 0 0 0 6 
Cryptophyceae 7 5 0 0 7 
Total 473 526 462 352 1099 
Table 2. Some characteristics ofthe parts of Lake Peipsi. 
Lake Peipsi s.L Lake Peipsi s,s. Lake L~mmij~rv Lake Pihkva 
Area (km 2) 3,555 2,611 236 708 
Estonia and Russia (%) 44•56 55145 50/50 1.3/98.7 
Volume (km 3) 25.07 21.79 0.6 2.68 
Mean depth (m) 7.1 8.3 2.5 3.8 
Maximum depth (m) 15.3 12.9 15.3 5.3 
Secchi (m)* 1.8 2.2 1.4 1.1"* 
pH* 8.28 8.28 8.31 8.27** 
Ptot (rng P m-3) * 43 40 57 181.25** 
Ntot (rng N m-3) * 670 624 839 1642"* 
Chla (rag m-3) * 21.6 18.2 56.31 67.92** 
Phytoplankton biomass (gWW m-3) * 9.5 7.1 13.82 22.96** 
Trophic level eutrophic to hypertrophic meso-eutrophic strongly eutrophic hypertrophic 
*Average of vegetation period of 1992-2002 (KANGUR et al. 2003). 
**Data from August 2003. 
Limnologica (2004) 34, 90-97 
92 R. Laugaste & K. Lessok 
E 
S 
T 
0 
N 
I 
A 
lq 
L. Peipsi s.s. 
L. L~nmiiiirv 
R 
U 
S 
S 
I 
A 
L Pihkva 
oo 
0 30 
I , , I 
km 
Fig. 1. 
Peipsi. 
Sampling spots of epiphyton and littoral plankton in Lake 
jSrv, and the southern part Lake Pihkva (Fig. 1); the two 
southern parts are strongly eutrophic (Table 2). The out- 
flow, the Narva River runs its waters into the Gulf of 
Finland. Considering its fish catches, Lake Peipsi sur- 
passes all large lakes of North Europe. 
Material and Methods 
The littoral plankton was studied in summer (July-Au- 
gust, once a year) 1980 and 2000-2002, and the epiphy- 
ton on two dominating macrophytes, Phragmites aus- 
traIis (CAV.) TRIN. ex STEUD. and Potamogeton perfolia- 
tus L., in 2000. Plankton samples were picked with a 
bottle among reed stands, emergent plants for the epi- 
phyton were collected from the boat or on walking, from 
a depth of 0.3 to 1 m. Under water surface, the upper 
50-60 cm of the reed stem was cut and treated as a 
whole; the epiphyton of different parts of the stems was 
not studied. The distance between 5 replicates was about 
50-100 metres. Submerged plants (2-3 replicates) were 
picked by hand in shallow water; in deeper places the as- 
sistance of a diver was used. On the shore, the leaves of 
the whole plant were removed for the study by scissors. 
The epiphyton was removed by rubbing with fingers: 
plant pieces were placed on a cuvette, 100 ml of distilled 
water were added and, after pouring the mixture in a jar, 
further 100 ml were added for rinsing the plant parts. 
The suspension was shaken and divided into two por- 
tions, one for pigment analysis and the other was fixed 
with Lugol solution for counting. The plant pieces were 
measured (for reed, the diameter and the length of 
picked stems; and for pondweed, the contour of the 
leaves was drawn onto the graph paper, while both leaf 
sides were taken into account) and their surface area was 
calculated. The epiphyton was also removed by shaking 
and the two methods of removal were compared. There 
was no significant difference between the two methods; 
however, the Chla values were in average 1.2 times 
higher when removal was done by shaking for 2 minutes 
in 100 ml distilled water compared with rubbing. The 
measured plants were dried at 105 °C for 24 hours and 
weighed. The epiphyton values were calculated per area 
and weight unit of the host plant. The epiphyton Chla 
values calculated per area of the host plant are more suit- 
able for assessment than the corresponding values calcu- 
lated per mass unit of the dried host plant, as the dry 
matter content of different plant species, as well as the 
fluctuations ofresults are highly different. 
To determine Chla, a sample was concentrated on 
Whatman glass fibre filter (GF/C). The pigments were 
extracted with 90% acetone and analysed spectrophoto- 
metrically (Guidelines ... 1988). The equations of JEF- 
FREY & HUMPHREY (1975) were applied in the calcula- 
tion of Chla; biomass was counted according to the 
Uterm6hl method. Most diatoms were identified up to 
the genera in water preparations by counting when pos- 
sible. The wind index was calculated for every sample 
spot from the share of winds from eight quarters of the 
horizon in May, June and July, and the distance of open 
water from the respective direction (FELDMaNN 
Results 
Usually, the littoral plankton resembled the plankton of 
open water but contained, in addition, also littoral and 
benthic species. The littoral plankton was dominated by 
common planktic species, but there was usually no par- 
ticular dominant. In summer, species of Anabaena nd 
Microcystis as well as small-celled cyanobacteria 
( Cyanodictyon, Aphanothece and Aphanocapsa ) were 
abundant in the littoral and in open water. In the warm 
season, the species number of blue-greens reached 
25-35 in a counted sample in the littoral and 15-25 in 
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Fig. 2. Biomass of littoral plankton 
in studied years, sampling spots from 
north to south. In 2001 only the 
southern part, in 2002 the northern 
part was studied; 2002 - 9 th of Au- 
gust, 2002a- 16 th of August. 
Table 3. Comparison of the lake parts of different trophic state, n = number of sample stations (not number of samples). 
Unit n Average Median Min Max Standard 
error 
Northern part 
Wind index 13 1518.7 1600,1 799.8 1780.1 94.8 
Transparency m 13 2.2 2.0 1.5 3.0 0.2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pondweed 
Epiphytic Chla yg g-~ 10 987.4 1101.5 220.0 2093.1 244.3 
Epiphytic Chla IJg cmz 10 17.0 14.7 7.4 37.5 2.2 
Epiphyton biomass mg cm -z 10 6,3 4.9 1,1 16.3 1.9 
Pondweed abundance 5-step scale 10 1.9 2.0 1.0 4.0 0.5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Reed 
Epiphytic Chla tJg g-~ 9 24.3 18,0 1.5 74.1 8.7 
Epiphytic Chla IJg cm-2 9 8.6 8.0 0.3 24.4 2,8 
Epiphyton biomass mg cm -2 9 3.1 2.6 0,1 7.8 1.0 
Reed abundance S-step scale 9 1.7 1.0 1,0 4.0 0,6 
Southern part 
Wind index 11 687.3 340.6 18.9 1751.6 247.8 
Transparency m 11 1.3 1.2 0.9 2.5 0.2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pondweed 
Epiphytic Chla tJg g-~ 8 2582.6 1930.1 650.9 6755.0 680.7 
Epiphytic Chla pg cm -2 8 26.4 24.6 14.0 41.2 2.8 
Epiphyton biomass mg cm -2 8 14.1 15.9 3.9 21,2 2.4 
Pondweed abundance S-step scale 8 3.4 3.5 2.0 5.0 0.4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Reed 
Epiphytic Chla IJg g ~ 11 142.4 117.3 52.8 328.1 24.8 
Epiphytic Chla pg cm -2 11 42.1 33.5 19,4 77.3 7,2 
Epiphyton biomass mg cm -2 11 17.4 13.2 5.9 38.8 3.7 
Reed abundance 5-step scale 11 3.6 4.0 3.0 5.0 0.2 
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the pelagial. The relationship between various groups 
was different from that observed in the open lake. Green 
algae (desmids and thread algae among them) occupied 
a much more important place; there were always plenty 
of small epiphytic and benthic diatoms as well as a large 
amount of blue-green algae (Nostoc, Tolypothrix, Scy- 
tonema and Calothrix) absent from open water. The 
most opulent littoral plankton can be found among 
reeds. The phytoplankton biomass of the wind exposed 
littoral was usually at least tenfold higher than that of 
open water, due to the presence of the macroscopic 
cyanobacterium Gloeotrichia echinulata (J.S. SMITH) P. 
RICHTER. The latter was abundant in the moderately eu- 
trophic northern part and rare in the strongly eutrophic 
southern part of the lake, which is why the biomass in 
the littoral of the southern part was much lower. In fact, 
the southern lake part is richer in blue-green algae. In 
Figs. 2 and 3, total biomass and the biomass of 
cyanobacteria without Gloeotrichia are presented, and 
their southward increase is obvious in Fig. 3. Algal 
biomass in the littoral depended on the wind direction 
and can change drastically in a few days. In August 
2002, a sharp change in the distribution of plankton 
biomass took place within a week due to a change in the 
wind direction (Fig. 2). It is seen from Figs. 2 and 3 that 
the years 1980 and 2002 were very rich in Gloeotrichia; 
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the great variability of different years is also evident. 
The number of species, particularly of green algae, is 
higher in the southern parts (Fig. 4), while some differ- 
ences were revealed in species composition: several 
strongly eutrophic yanobacteria asPlanktothrix agard- 
hii (GOM.) ANAGN. & KOM., Limnothrix redekei (VAN 
GOOR) MEFFERT, Aphanizomenon issachenkoi (USAC) 
PROSK-LAVR and Anabaena pseudocompacta M. 
WATANABE occurred in Lake Lfimmij~v and Lake Pihk- 
va, but not in Lake Peipsi s.s. 
In the epiphyton, the Cladophora - Cocconeis 
pediculus - Epithemia community was observed grow- 
ing on both host plants, however, in the second half of 
summer it was usually free-floating, and species of Ep- 
ithemia and Gomphonema were most common. 
Colonies of Nostoc coeruleum LYNGBY occurred occa- 
sionally on macrophytes; Gloeotrichia pisum (AG.) 
THum and filaments of Oedogonium and Zygnemales 
were found at sheltered sites. The values of Chla and 
biomass of the epiphyton on reed and on pondweed are 
presented in Table 3. When comparing the dominating 
plants, the epiphyton was more abundant on reed in the 
southern part and on pondweed in the northern part of 
the lake (Table 3): however, the differences were not sig- 
nificant. 
The biomass and Chla content of the epiphyton in- 
creased southward with the increasing trophy of the 
lake. Both the epiphyton biomass and Chla revealed sig- 
nificant negative Spearman correlations (P < 0.05) with 
wind index and transparency, and positive correlations 
with abundance of the host plant, both reed and 
pondweed (Table 4). A marked ifference was found be- 
tween the northern and the southern parts of the lake in 
transparency and wind index, as well as in biomass 
(Table 3) and Chla content of the epiphyton of both host 
plants. However, the difference between the lake parts 
was not revealed with ANOVA. Among the four anal- 
ysed factors (host plant species, abundance of the host 
plant, wind index, lake part) the most important was 
abundance of host plant, followed by wind index. 
Discussion 
Epiphyton Chla content in Lake Peipsi is comparable 
with that in the River Volga reservoirs in Russia (METEL- 
EVA 2000), being somewhat higher but much lower than 
in the River Dnepr reservoir in the Ukraine 
(SHEVCHENKO 1994). The values of the reed epiphyton 
for Lake Peipsi are close to the corresponding values for 
a eutrophic lake in Germany (MOIiEa 1995) and far 
lower than for the eutrophic Lake Bryrup in the Nether- 
lands (JENI~ERSON & HICKMAN 1986). The epiphyton 
biomass and Chla content of Lake Peipsi are lower than 
that of the Estonian small lakes (LAUGASTE et al. 2003), 
depending more on wind exposure and less on the troph- 
ic state of the lake. 
In large lakes, water movement hinders epiphyton 
growth; however, some studies describe more luxuriant 
algal growth in the open areas of the Rybinsk Reservoir 
(DEVYATKIN 1979) and in the lakes near the Dnepr River 
(Kuz'Ko 2000). The reason for this must be a stronger 
grazing effect of the zooperiphyton i sheltered areas 
(DEvYATKIN 1979). According to STaAND & WEISNE~ 
(1996), the biomass of submerged macrophytes in- 
creased with increased exposure until a relatively abrupt 
disappearance at high exposure, and production of epi- 
phytic algae on artificial substrates was the highest at 
Table 4. Spearman correlations, P= 95%, 
Reed Secchi Reed abundance Epiphyton biomass Chla Chla 
in 5-step scale mg cm -2 IJg cm -2 tJg g-~ 
Wind index 0.85 -0.65 -0,56 -0.73 -0.73 
Transparency -0.63 -0.7 -0,8 -0,82 
Plant abundance 0.54 0.68 0.75 
Epiphyton biomass 0,92 0,86 
Chla pg cm -2 0.97 
Pondweed Secchi Pondweed abundance Epiphyton biomass Chla Chla 
mg cm 2 IJg cm -2 tJg g-~ 
Wind index 0.84 -0.6 -0.7 -0.65 -0,58 
Transparency -0.72 -0.74 -0.76 -0.78 
Plant abundance 0.84 0.91 0.72 
Epiphyton biomass 0,97 0.78 
Chia pg cm 2 0.79 
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sheltered sites. They concluded that namely the differ- 
ences in epiphyton growth at different wave exposures 
can explain the pattern of the horizontal distribution of 
submerged macrophytes in eutrophic lakes. Thus com- 
petition between the submerged macrophytes and the 
epiphyton for light, CO2 and nutrients is the highest at 
sheltered sites, while water movement limits epiphyton 
growth at exposed sites mechanically. Also JONES et al. 
(2002) found a negative relationship between periphy- 
ton and density of submerged plants in experimental 
ponds. 
In Lake Peipsi the discordance between the host plant 
abundance and its epiphyton was not revealed; on the 
contrary, apositive correlation was found between these 
factors, particularly for pondweed (Table 4). It is evident 
that at open growing sites the amount of epiphyton is not 
sufficiently large to hinder the growth of the host plant, 
and the effect of the wind and probably also of trophic 
state can be of more importance. Also very stormy 
weather during sampling in summer 2000 played a role. 
In the hot and calm August 2002, the opulent epiphyton 
was visible with the naked eye on pondweed in shallow 
water (unfortunately not analysed). While in the Estoni- 
an small lakes the epiphyton was poorer on emergent 
plants than on submerged plants (LAUGASTE et al. 2003), 
in Lake Peipsi this difference was revealed only in the 
larger northern part (Table 3). Reed was the poorest in 
the epiphyton in the northwestern part of the lake; emer- 
gent plants were lacking altogether on the northern coast 
due to the wind and waves action (see M)kEMETS & 
FREmERG 2004). 
The relationship between the epiphyton abundance 
and water nutrient content are rather indirect; several au- 
thors note the lack of a direct dependence (KRIVENKO et 
al. 2000; CATTANEO et al. 1998; SAND-JENSEN 1990, 
etc.). LIE et al. (1998) conclude that epiphyton biomass 
seems not to be a good indicator of nutrient loading or 
eutrophication i  shallow coastal lagoons. In Lake Peip- 
si, epiphyton biomass and Chla content increased south- 
ward with the increasing trophic state as well as the 
same parameters ofpelagic phytoplankton (LAUGASTE et 
al. 2001). Many-year mean nutrient content in the open 
water of the southern parts is up to twofold higher than 
in Lake Peipsi s .s .  (STARAST et al. 2001). Thus although 
the epiphyton is not directly associated with the content 
of nutrients in lake water, it depends on this parameter to
such a degree to what degree the lake type and the com- 
position of macrophytes depend on the nutrient content 
of water. Biomass and Chla content of epiphyton can be 
used as a criterion of trophic state. The phytoplankton 
biomass of the littoral of the large and shallow Lake 
Peipsi can not be used as a criterion of trophic state, 
however, the species composition of the dominants, par- 
ticularly cyanobacteria, is well applicable for this pur- 
pose. 
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